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The infrared a
By=0.64%05 1 0.

ctrum of the vy hand of G'309H, has been analysed and a value of
e~ determined. When this value & ecmobined with that found In

recent work oo wotopically norme] ethane, & “r,"" value of 1,527 £ 0004 A for the carbon-

carboh bond distance is obtained.

1. Introduction

From recent infrared studies of ethane nnd ethane-
dy. & ground state carhon-carhon bond distanca of
1,538 with probable error 0.002 A has been obtained
1,2)! Thiz bond diztaénce is considerably higher
than the C—C hond lengths, 1.526 with limits of
arror +90.002 A, obtained for the saturated h?d.ru-
earboba propane and isebutane by the *'r,' or Ysuhb-
stitution” method in the microwave st.udms of Lide
[3, 4]. Since the two methods of determining bond
distanees are only approximately equivalent due to
retation-vibration ects, thiz differeoce is not
aurprising.

he purpose of thias work was to examine the
spectrum of CH(YH, in an attempt to obtain &
“r." value for the C—C bond distance of athane for
mmparm.n-n with these bond lengthe reported for the
more complex molecules. In addition other rots-

_ ticnal constants would be obtained which wonld be

of vae to futurs investigators of this molecule.

2. Experimental Procedure

Tha sample, which contained 58.5 percent
CUC"H,, was purchased from Merck Sh & Dohine
of Canade, I.td. The zpectra wers tuken with n
preaaure of 32 mm Hg total pressura (1.% mm
C¥CVYH,) and an optical path of 24 m.

The =pectrometer, in thiz study 2= well as
for the normal ethane work [2], has been describad
previously. Because of the small amount of costl
samnple ayaillable, a threefold lnniger optical ﬂ,t.
(24 m} woas raquirm:l than was used for ethane.
resulted in the losa of some resolution ; however, Ime-a
separeted by abont 0.035 cm™! could ba resolved.
The spectra were mensured by using rare gas emission
lines as atandards. The regions batwean the stand-
ard lines were measured from the fringe system
formed by a Fabry-Perot interferometer [5),
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3. Rotational Analysia

Az in the caze of normal sthane, the only parallel
hand of C'3"2H, that could be resolved sufficiently
well with the iostrumentation avalable was the
w4, bend at 2749 em~l Sybatitution of one (013
in ethane results in a shift of about 4.1 em™ for the
origin of this band. Since the sample contsined
aboat 40 percent normal ethane, the Feaclting spee-
trum consisied of a complicated mixiure of lines
from the two overlapping bands together with their
accompanying "hot bands" arizing [rom excited
levrels of the torsional vibration. The lines of ethane
ware gasily identified when the spectra were compared
with those obtained from the earlier studies on
ethane, The vibrational shift was such that most of
the P and K brench lines fell between those of the
normal ethape. There was, however, some blending
of the lines. Smee blending can result in an ap-

arent change of the frequency of a line, all blended,
inea were morked as such when sssigned and given
a weight of ¥ in the following calculations. Badly
overlapped lines were not used in the mnalysis.

As in the case of normal athane, the quantity
(A =B ) ={A" =B waa sufficiently large sz that
trapsitions fromn the substates A=2 and lhigher were
rezolved. The unresolved lines fromn the substates
K=0 and 1 were not used in the caleulattona. The
ground atate rotational constants were caleulated by
meanz of combination differsnces from the squation

AP =R{J—1, K)—=FP{J+1, K}
= (48" —8DY — 4D K (J+-B)
—8DY I+ (1)

Since no substates with K graster than 6 were
identified, the wvalue of DY) obtained waz highly
uncertain, The assumnption was then made that
thiz eonstant iz equal to that found for ethane times
the ratio of the B values of the substituted ethane
to that of the normal molecule or 5.8 10~ em=l,
With this nssumed constant, the resuliing ground
state rotational constants found hy lesst squares
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woere B9 =0.04865 000005 em™! and PY=H44
1.4>107" em™ whore the unceriainties cited are
probable errors. The values of DY ealeulated is in
od agreement, with that found for normel ethane
%B}'z? +£251077 cm ).
The upper state rotational constants were deter-
mined using the equation

r=2+[B +B" — (D)t D K m+ [B — B
— DA D — (D — D) Kt —2{D 4+ DY e
— (D, — D7 ymi - [(A'— By — (A" —BV)K2. (2)

The walues of B, IY, ¥ obtained above were
insarted into the equation, and the data were sub-

joctad to a least squares fit. As in the case of nor-
mal ethane, the K=35 substate was found to he per-
turbed. The origin of this state fell 003, cm™!
ahove the calewlated waloe. While this difference
is small, it js 3.1 times the standard deviation of the
fit taken without including this substate and is there-
fore significant. Any changes in the ether rotationnl
conalanis of this state were too small to be detectad,
Becenze of this perturbetion, the ohserved frequen-
c1es were ggain fit to eg (2) with the frequencies from
the AA=>5 substate omitted. The constants obtained
from this trestmeni are listed in table 2. The spec-
trum caleulated from these constents is compare:d
with the observed spectrum in table 1, For the
K =1 substate, the obeerved origin was used instead
of that eoleulnted from ag (2).
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TarLE 2. Roedotional comstunls of CRC2H derived from the
combingifon dand, vp+vp 0 em™I"
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« LinoeT taln ties cibed are neobabla errora.

4. Resulis

For & symineiric iop molecule, the “r,” distance of
an atom on the symmetry axis from the center of
gravity is given by the relntion

where Ay iz the change of the moment of inertia
upon substitntion, p=mamf(Af+2m), M is the mass

the original molecule, and A is the change of mass
upon substitution. TUsing the B, value obtained
enrlier for ethane and the value fovnd for the OB
substituted ethane above, a “'#," wvalue of 1.5274
0.004 A for the C—O distance s caleolated. The
uneertainky eited is probable error.
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This wvalua supporis Lide’s estimate that the
“r* wvalue for ethane liss in the range 1.525-1.530
A [8] end is in good, albert sotmmewhnt fortuitous,
agreement with the value 1.528 A found (or tha
C—0C bond lengths in propane and irobutana,

The authors thank Dr. B. P. StoicheT for his

suggestions snd interest in thiz problem, and Miss
Jessie Kirklend for messuring the specira.
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